Three immunochemically and electrophoretically distinct lipoproteins, LP-A, LP-B, and LP-X, 1 were isolated from the low density lipoprotein fraction (1.006-1.063 g/ml) in plasma from patients with biliary obstruction by a separation procedure which combines ultracentrifugation, heparin precipitation, and ethanol fractionation. This method, here described, permits the quantitative determination of individual plasma lipoprotein families on the basis of their protein moieties, rather than on the basis of their lipid moieties or density.
and LP-B accounted for 98% and the LP-A for only 2% of the total protein content of the LDL fraction.
This study indicates that the plasma lipoprotein eattern in obstructive jaundice is characterized by (a) a decreased concentration of HDL, (b) an increased concentration of LDL, and (c) the presence in the LDL fraction of varying amounts of a specific lipoprotein, LP-X, immunochemically and chemically distinct from LP-A and LP-B. LP-X, with its characteristically high content of unesterified cholesterol and phospholipids, is primarily responsible for the unusual protein and lipid content of the LDL fraction.
Screening tests in 61 patients with various forms of jaundice indicated that a characteristic immunoelectroproviding for protein homogeneity. Its usefulness in defining the lipoprotein pattern in obstructive jaundice will be readily recognized. The Journal of Clinical Investigation Volume 48 1969 1211 phoretic precipitin arc between plasma samples and purified antibodies to LP-X was observed only in patients with obstructive jaundice. This simple immunochemical test may represent a valuable new tool in the differential diagnosis of obstructive and nonobstructive INTRODUCTION It has been recognized for a long time that liver disorders are frequently accompanied by marked changes in plasma lipid concentrations. Flint (2) observed, more than a century ago, an increased blood cholesterol concentration in patients with obstructive jaundice. Subsequent studies correlating plasma lipids with various liver diseases (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) demonstrated dramatic changes in plassma lipids and lipoproteins in patients with intraor extrahepatic biliary obstruction.
Plasma lipid changes in subjects with biliary obstruction are characterized by increased concentrations of unesterified cholesterol and phospholipid resulting in an increased free: total cholesterol ratio and a diminished cholesterol: phospholipid ratio.
Kunkel and Ahrens (15) and Kunkel and Slater (16) correlated increased plasma lipid and f8-globulin concentrations and were first to suggest (8, 17) that the hyperlipoproteinemia and increased serum phospholipid concentrations in biliary obstruction were related. Several authors have proposed (17) (18) (19) (20) tained by methods used for precipitating LDL2 showed no reaction with antibodies to LDL. Although several investigators (32) (33) (34) demonstrated immunochemically the presence of LP-A in the LDL fraction, no quantitation of LP-A in the LDL fraction has been reported. Fredrickson, Levy, and Lees (35) suggested that the increased concentration of LDL in patients with biliary obstruction is caused by a shift of LP-A from the HDL into the LDL fraction. However, this suggestion has not yet been supported by experimental evidence. This paper is the initial report of our studies on the isolation and characterization of plasma lipoproteins in patients with jaundice. It sets forth a method for the separation of various plasma lipoproteins, including an abnormal lipoprotein in the LDL fraction, and describes the distribution, qualitative and quantitative, of lipoprotein families within the density range 1.006-1.063 g/ml. As a result of these studies an immunoelectrophoretic method for the differential diagnosis of obstructive and nonobstructive jaundice has been proposed.
METHODS
Blood samples were obtained from patients with hemolytic jaundice, lupoid hepatitis, infectious hepatitis, cholangiolitic hepatitis, Laennec's cirrhosis, biliary cirrhosis, and various types of intra-and extrahepatic biliary obstruction. The diagnoses were established by the standard laboratory tests, liver biopsy, surgical procedures, and, in some cases, by autopsy. Blood was usually drawn 10 hr after a meal, but never less than 4-5 hr after. It was collected for preparative isolation of lipoproteins into plastic bags containing 2.2% sodium citrate (Fenwall Laboratories, Inc., Morton Grove, Ill.), and the plasma was recovered by low speed centrifugation. Blood samples used only for the immunological tests were drawn into standard test tubes, allowed to clot for 2 hr at 37°C, and the serum separated by centrifugation.
Isolation and fractionation of lipoproteins. The isolation scheme is outlined in Fig. 1 (36, 37) . 4 ml of 5% heparin solution and 5 ml of 1 M manganese chloride solution were added to 100 ml of the fraction d > 1.006 g/ml and the mixture allowed to stand for 30 min at room temperature. The precipitated lipoproteins were removed by low speed centrifugation and the filtrate set aside for ultracentrifugal isolation of HDL. The precipitated lipoproteins were then dissolved in a mixture of 1 ml of 10% sodium citrate and 0.5 ml of 20% NaCl, diluted with 0.005 M Tris buffer to a volume of 100 ml, and precipitated by adding 2.5 ml of 2 M magnesium chloride solution. This procedure was repeated two times, and the final precipitate was dissolved as described above. The solution was dialyzed first for 36 hr against 9% NaCl and then for 24 hr against 5% barium chloride at 40C. The heparin-barium precipitate was removed by low speed centrifugation, and the supernatant portion was dialyzed for 48 hr against 0.9% NaCl.
For further fractionation with ethanol (13, 28, 29) , 5 volumes of cold (-50C) ethanol acetate buffer (19% ethanol, pH 8.5, ionic strength 0.04) was added in small portions to 1 volume of cold (10C) dialyzed supernatant portion. The mixture was stirred for 30 min at -50C and centrifuged at low speed. The precipitate corresponding to Cohn fractions I-III was dissolved in 2 M NaCl and dialyzed, first for 48 hr against 9%o NaCl, and then for additional 48 hr against 0.9%o NaCl. The remaining solution, containing Cohn fractions IV-VI, was concentrated in vacuo to i of its original volume and dialyzed for 48 hr against 0.9% NaCl. Both fractions (Cohn I-III and IV-VI) were centrifuged at solution density of 1.063 g/ml for 44 hr at 105,000 g and 40C. The upper layers of both fractions, removed by tube slicing, contained lipoproteins within the density range 1.006-1.063 g/ml. In some instances the fractions IV-VI were further separated into Cohn fraction IV+V and VI (28) .
The filtrate remaining after the first heparin precipitation was dialyzed as previously described, adjusted to 1.063 g/ml density, and centrifuged for. 22 hr at 105,000 g. The top layer was discarded, and the infranatant portion was centrifuged at a solution density of 1.210 g/ml for 44 hr at 105,000 g. The top layer contained HDL (1.063-1.210 g/ml).
In certain cases plasma samples were fractionated into VLDL, LDL, and HDL by the standard sequential preparative ultracentrifugation (25, 38).
All fractions were characterized by protein and lipid analyses and by determination of electrophoretic and immunochemical properties.
Immunological methods. The immunochemical properties of lipoproteins were studied by double diffusion (39) and immunoelectrophoresis (40) in 1% agar or 1% agarose gels employing barbital buffer, pH 8.6, ionic strength 0.05. Plates were developed and stained as previously described (41, 42) .
Rabbit anti-human sera ai-LP, f8-LP, albumin, whole human serum, and 7S y-globulin (Behringwerke AG, Marburg an der Lahn, Germany) were used. The antibodies to p-LP present in the rabbit antiserum gave a single precipitin line, and the antibodies to ac-LP gave, in most instances, two precipitin lines with whole serum from normal subjects.
The antibodies to a-LP and 8-LP showed no reaction with human serum albumin.
Rabbit antisera to LP-X were prepared in this laboratory. The LP-X fractions (protein concentration 10 mg/ml), showing no reaction with antibodies to a-LP, #-LP, and (or) albumin, were mixed with an equal volume of Freund's adjuvant and administered intraperitoneally in a single injection. The rabbits were bled by heart puncture after 2 wk, and the antisera examined by immunodiffusion and immunoelectrophoresis formed precipitin lines with LP-X and albumin. Some antisera, drawn 3 months after immunization, showed a precipitin line with LP-B and an additional line in the -y-globulin region with whole serum. The antisera were absorbed with equivalent amounts of appropriate antigens determined by a serial micro dilution method. The mixture was incubated for 3 hr at 370C, allowed to stand for 12 hr at 40C, and the precipitated antigen-antibody complex was sedimented by low speed centrifugation for 30 min. The supernatant fraction contained purified antiserum which reacted only with LP-X.
Electrophoresis. Paper electrophoresis was performed according to the method of Lees and Hatch (43) . Electrophoresis of lipoprotein fractions was carried out also in 1% agar and 1%o agarose gels by the method of Grabar and Williams (40) (13, 14, 26) . The qualitative and quantitative changes in the lipoprotein patterns of patients with obstructive jaundice were studied utilizing the fractionation procedure ( obtained from patients with obstructive jaundice by standard sequential preparative ultracentrifugation showed that VLDL consisted of LP-A and LP-B (Fig. 2 , pattern a). The HDL fraction contained only LP-A (Fig. 2, pattern c) . The LDL showed not only the presence of LP-A and LP-B but also a lipoprotein which was immunochemically different from LP-A and LP-B (Fig. 2, pattern b) . This lipoprotein was designated LP-X. The lipoproteins obtained by heparin precipitation of a VLDL-free (d > 1.006 g/ml) plasma sample (Fig. I) contained only the LP-B and LP-X (Fig. 3, pattern b) . The filtrate consisted of LP-A. Thus, in contrast to the LDL fraction obtained by ultracentrifugation (Fig. 3 , pattern a), the heparin precipitation yielded an LDL fraction which was free of LP-A.
The two different low(density lipoproteins, LP-B and
A B C D a LP-X, were separated by cold ethanol fractionation (Fig. 1) . The immunodiffusion pattern (Fig. 4 , pattern a) shows that the heparin-precipitated LDL fraction used as a starting material for ethanol fractionation consisted of LP-B and LP-X (two precipitin lines with antibodies to LP-B and LP-X, one of which is identical with that of purified LP-B). Cohn fractions I-III showed the presence of only LP-B (Fig. 4, pattern b) , and Cohn fractions IV-VI, the presence only of LP-X (Fig. 4, pattern c) . It was established by further fractionation that LP-X occurred in Cohn fraction VI. This purified LP-X fraction was utilized for the immunization of rabbits.
Immunochemical and electrophoretic characterization of LP-X. Plasma from a patient with obstructive jaundice (WSOJ) gave single precipitation lines with antibodies to LP-B, LP-X, and albumin, and two precipitin A S C D lines with antibodies to LP-A (Fig. 5) . The anti-LP-X serum showed no reaction with LDL, HDL, or albumin. Fig. 6 shows that LP-X reacted only with antibodies to LP-X (pattern a), and that anti-LP-X serum reacted only with LP-X (pattern b). These latter experiments were performed with various concentrations of antigens and antibodies. Immunoelectrophoretic patterns showed that LP-X gave no reaction with antibodies to normal whole serum, albumin, LP-A, or LP-B. The immunodiffusion pattern in Fig. 6 a shows clearly that LP-X is not identical with y-globulins. Fig. 7 shows the difference between the electrophoretic mobility of LP-X in agar and in agarose gel. Under HDL ANTIk LP-X identical experimental conditions, LP-X moved on agar gel toward the cathode, and on agarose gel toward theanode. Fig. 8 shows the difference between the electrophoretic patterns on agar and agarose gels of serum from a normal subject and from a patient with obstructive jaundice. The LP-X band was sharply separated from the LP-B band only by agar gel electrophoresis. The LP-X moved as a narrow band toward the cathode and was stained with Oil Red 0. In contrast, on agarose gel, LP-B and LP-X migrated with the same mobility into the 8-globulin region. The presence of weakly stained bands in the a,-globulin region corresponds well with the low concentration of HDL characterizing patients. with obstructive jaundice. On paper electrophoresis LP-X migrated toward the anode with a mobility slightly less than that of LP-B (Fig. 9) . pends on the degree and (or) duration of biliary obstruction.
ANTI-LP-
The per cent composition of lipoprotein classes is presented in Table III . The values for the VLDL and HDL are nearly normal (27, 38, 48, 49) with the possible exception of an increased phospholipid and a decreased cholesterol ester content of HDL. The LDL fraction showed increased unesterified cholesterol: cholesterol ester and phospholipid: protein ratios. The analysis of the two low density lipoproteins, LP-B and LP-X, revealed that the protein-lipid composition of the whole LDL fraction, and thus of whole serum, is attributable primarily to the presence of LP-X. The composition of LP-B is nearly normal, with the possible exception of a slightly decreased amount of cholesterol ester and increased content of unesterified cholesterol (38, 49, 50 ). Presence of LP-X in plasma of patients with various forms of jaundice. The LP-X could be detected by immunochemical techniques in patients with obstructive jaundice, but not in plasma of normal, fasting subjects (Fig. 10) . A survey of 61 patients with various forms of jaundice (Table IV) (53) have found that the presence of apolipoprotein C coincided with the peak triglyceride concentration in chyle and was still noted in subsequent chyle samples over a period of several additional hours. It could not be detected in chyle or serum samples from fasting subjects or in postprandial samples when the meal consisted of medium chain triglycerides or sucrose. Thus, LP-X may be an intestinal lipoprotein similar to lipoproteins containing apolipoprotein C, catabolized rapidly in the liver and, therefore, largely undetectable in normal, fasting plasma but accumulating in the plasma when, as a result of liver derangement, the rate of degradation is decreased. Although very little is known about lipoprotein catabolism in general, and the effect of bile salts on this process in particular, it has been reported (54, 55) that bile acids inhibit lipoprotein lipase, one of the enzymes participating in the degradation of lipoproteins. We would like to suggest, therefore, as a working hypothesis, that LP-X originates in the intestinal mucosa where it participates in the process of fat absorption and transport. In obstructive jaundice, the increased concentrations of bile acids inhibit certain catabolic reactions of LP-X which, in its partially delipidized form, or as a newly formed lipoprotein entity, accumulates in the plasma LDL fraction. Whether the protein moiety of LP-X is similar to or identical with apolipoprotein C remains to be answered.
